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ABSTRACT

INVESTIGATING THE MARGINS OF PLEISTOCENE LAKE DEPOSITS
WITH HIGH-RESOLUTION SEISMIC REFLECTION
IN PILOT VALLEY, UTAH

John V. South
Department of Geological Sciences
Master of Science

A vast area of the northeastern Great Basin of the western USA was inundated by
a succession of Plio-Pleistocene lakes, including Lake Bonneville (28 ka to 12 ka). The
Pilot Valley playa, located just east of the Utah-Nevada border near Wendover, Utah,
within the eastern Basin and Range Province, represents an 8 to 16 km wide and ~50 km
long remnant of these lakes. The playa corresponds to the upper surface of a closed basin
that is delimited by two mountain ranges, which are mantled by recent alluvial fans over
which the playa sediments have prograded. In order to investigate the interaction of PlioPleistocene lake sedimentation and alluvial fan development, high-resolution seismic
reflection profiles have been acquired near the base of both the west-bounding and the
east-bounding ranges. On the western side of the basin, the seismic profiles provide
images of sub-horizontal playa sediments prograding over the inclined alluvial fans. The

boundary between the playa and fan sediments is marked by a prominent angular
unconformity. Seismic images from the eastern side of the basin reveal a markedly
different structural and stratigraphic style with down-to-the-basin normal faulting of
relatively shallow Paleozoic bedrock overlain by alluvial fan deposits, which are in turn
on-lapped by a thin veneer of playa sediments. The results contained herein reveal for the
first time the stratigraphic relationships between Quaternary pluvial sediments as a
shoreline depositional facies and the adjacent bounding fan deposits. Post-stack
reprocessing of lower-resolution but deeper penetration seismic data located in an
analogous basin to the southwest, provides a likely context for the Pilot Valley seismic
data. The new geophysical images, when integrated with available geologic mapping and
limited well control, aid in constraining how deep aquifers are locally recharged from an
adjacent range. The results also clearly demonstrate the strong structural asymmetry of
the range and playa system, which is consistent with a classic half-graben structure.
Lastly, this study demonstrates the utility of the shallow seismic reflection method as a
tool to provide high-resolution sub-surface images in the geophysically challenging
environment of Basin and Range geology.
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INTRODUCTION
The study area is situated over Pilot Valley, which is located at the west-central
margin of the Great Salt Lake Desert in the northeastern part of the Basin and Range
Province and is nearly entirely confined to the state of Utah, with the southwestern-most
part lying in Nevada (Figure 1). Pilot Valley represents a typical basin within the greater
Basin and Range Province. The predominant feature of the Valley is a playa, with
proportionally very little alluvium between its bounding ranges at the surface (Figure 2).
The western edges of the Desert have been of interest for mineral extraction and water
resources (Nolan, 1927). General scientific interest in the region began in the mid 1800’s
(Stansbury, 1852; Gilbert, 1880), and is reflected in the use and preservation of the
world-famous Bonneville Salt Flats and Speedway. As the need for accessing water for
municipal and agricultural use becomes greater in the study area and western USA in
general, it becomes increasingly important to understand the geologic subsurface setting
along range fronts in areas like Pilot Valley.
The Pilot Valley Basin has been a focal point for many studies aimed at
evaluating ground water resources (Fan, 1997; Petersen, 1993; Lines, 1979; Mason and
Kipp, 1998; Mason et al., 1995; Malek et al., 1993). Much of the water that historically
drained into Pilot Valley has been diverted for municipal use in the towns of Wendover,
Utah and West Wendover, Nevada, and groundwater is used for agricultural purposes
locally within Pilot Valley. A number of springs emerge along the western margin of
Pilot Valley, many of which discharge at a subtle break in slope, at nearly the same
elevation – around 4270 ft (1300 m) (Petersen, 1993). The break in slope roughly
corresponds with the Gilbert Level of Lake Bonneville (12.9 to 11.2 ka (Oviatt et al.,
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2005). The Gilbert Level was originally named by Eardley et al. (1957) and ranged in
elevation (present day, not accounting for isostatic rebound) from 1293 m to 1311 m
(Currey, 1983). Locally, within Pilot Valley, the elevation is approximately 1300 m. The
waters discharging from the springs vary from fresh to brackish (Carling, 2007). An
anomalous density contrast in the waters occurs in the very shallow subsurface (<30 m)
along the western edge of the playa (Tingey et al., 2002). A wedge of very high total
dissolved solids (TDS) (about 125 g/l) lies above water with substantially lower TDS
(less than 25 g/l) in the study area (Figure 3) (Tingey et al., 2002). Normally, denser
(higher TDS) water would lie below less dense water (lower TDS).
The purpose of this study is to present the results of shallow, high-resolution Pwave seismic data and the resulting images, which reveal the uppermost (<200 m)
structure and stratigraphy of the basin at the playa-fan margin. Subsurface P-wave
seismic reflection images of the playa-fan margin are provided on both sides of the basin
in order to create a subsurface stratigraphic and structural view of the ancient shoreline
deposits of Pliocene-Pleistocene lake succession and to give some constraints for
interpreting the freshwater-brine interface. These images also furnish insights into the
regional structure of the basin and its structural relation to adjacent ranges. Other
geophysical based studies have been conducted in Pilot Valley (Cook et al., 1964 –
gravity survey; and Berg et al., 1961 – seismic refraction) and to the east and northeast of
the Silver Island Range (Murray, 1984 – seismic reflection and refraction; Forsyth, 1985
– seismic reflection; and Fitter, 1985 – seismic reflection and refraction). This study is
unique in that it defines the subsurface interface between playa and alluvial fan sediments
in Pilot Valley using shallow, high-resolution seismic reflection profiling. Three survey
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sites were studied, two on the west side of the valley and one on the east side. The
surveys traversed the following distinct geological surface environments: bedrock,
alluvial fan, eolian and lacustrine silt (previously mapped as “dunes”), and a salt and mud
playa.

REGIONAL SETTING
Pilot Valley is bounded on the west by the Pilot Range, where Pilot Peak is the
highest point (3266 m) in the range. The eastern boundary of the valley is comprised of
the Silver Island Range, including the Silver Island and Crater Island mountains, where
Graham Peak (2305 m) is the highest point. The elevation of the Pilot Valley playa is
slightly higher than the nearest elevation of the Great Salt Lake Desert (1295 m versus
1285 m above sea level) and therefore has some surface drainage potential at the
northeast edge of the valley where playa sediments of Pilot Valley slope toward the Great
Salt Lake Desert. The valley is a fault-block bounded graben consistent with most
neotectonic features found throughout the basin and range province (Eaton, 1980). The
valley has been described as a typical symmetric graben by Cook et al. (1964) with some
en echelon normal faults on each side of the valley, with apparent equal or nearly equal
displacement.
The playa and many visible ancient shorelines are evidence of lakes filling the
region in times past, most notably Lake Bonneville (Bissell, 1968). The Bonneville,
Provo, Stansbury, and Gilbert shorelines (Currey, 1983 and Eardley, 1956) from Lake
Bonneville are evident, if not continuous, throughout the valley. A “Pilot Valley
Shoreline” (Miller, 1990) has been recognized at about 4280 ft (1305 m), which is
slightly higher than the local Gilbert level (~1300 m) (Miller, 1990) and has been
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observed at other locations around the Great Basin (Oviatt and Miller, 1997). Many other
minor shorelines have been well preserved in the southern and southwestern parts of the
valley and are quite visible in air photos.
The Bonneville Basin is that area of the Great Basin which was inundated by
pluvial lakes from late Pliocene through Pleistocene time. The geographic extent of the
Bonneville Basin covers a large portion of Western Utah, and parts of Nevada and Idaho.
Pilot Valley playa occupies a part of the Bonneville Basin near its western edge.
Interpretations of cores taken in the Bonneville Basin (Table 1) indicate that some areas
potentially have over 250 m of shallow-to-deep lake deposits (Thompson et al., 1995).
Correlations of cores drilled in the Bonneville Basin (Burmester, Pit of Death, and Black
Rock (Thompson et al., 1995) and Wendover, Knolls, Burmester, Saltair, and S28
(Williams, 1994)) (Figure 4) imply that the Pilot Valley playa is filled with sediment
from lakes that flourished throughout the Quaternary Period (Thompson et al., 1995 and
Oviatt et al., 1999). The presence of volcanic ashes (Bishop, Huckleberry Ridge, Lava
Creek, and Lava Creek B (Williams, 1994)) provides good markers for absolute ages of
sedimentary layers and subsequently constrains rates of sedimentation.
Sedimentation rates can be derived by comparison of thickness between ash
layers in cores and dividing this value by the difference in absolute ages of the correlative
ash layers. The result yields a value of a distance (thickness) per time unit. Depths and
absolute ages of these ashes yield sedimentation rates generally ranging from 5 to 65
cm/ka. Error margins for absolute dates were provided by the authors who derived the
dates (Gansecki et al., 1998; van den Bogaard and Schirnick, 1995) and have been
factored into this range of values. Generally, the error margins were extremely minor.
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The average rate of sedimentation determined from the cores nearest Pilot Valley does
not exceed 26 cm/ka (Table 1) (Williams, 1994). This sedimentation rate suggests that
over a period of ~15,000 years – roughly the duration of Lake Bonneville – sediments
would only accumulate to a thickness of less than four meters. These values are rough
estimates and are only as accurate as the original error in dating the ashes, and also do not
take into consideration compaction of the sediments since original deposition. Using the
range of sedimentation rate values presented, the range of thicknesses of sediments from
deposition during Lake Bonneville’s existence would be from less than one meter to 9.75
m. It is obvious that the basin fill occurred during times much broader than just the
duration of Lake Bonneville.
Table 1. Average sedimentation rates of five cores from western/northwestern Bonneville Basin.
Data have been derived from Williams (1994) (depths to ash layers), Gansecki et al. (1998)
(Bishop and Huckleberry Ridge dates), and van den Bogaard and Schirnick (1995) (Lava Creek
date).

Location of Core

Wendover

Saltair

Ash Bed Marker

Bishop

Bishop

98
760
12.9

197
760
25.9

Depth to Ash (m)
Age of Ash (ka)
Ave. Sed. Rate (cm/ka)

Burmester
Huckleberry
Ridge
229
2003
11.4

S28

Knolls

Bishop

Lava Creek

176
760
23.2

106
602
17.6

Surface Geology of Seismic Profiles
Four seismic reflection profiles were acquired for this study (Lines 1, 2, and 3 and
FC-03; Figure 2). The surface geology of the areas traversed by seismic profiles is
predominantly poorly consolidated Quaternary clastic sediments (Figure 2). Miller (1990)
and others (Miller et al., 1993; Miller, 1985; Miller and Lush, 1994; Miller et al., 1990)
who have mapped the region’s geology have divided the unconsolidated sediments into at
least 12 distinguishable units. The rocks exposed in the mountains, however, are mostly
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late Proterozoic to early Paleozoic in age (Miller, 1990). The bedrock units located
nearest the profiles on the west side in the Pilot Range, and therefore the most likely
source for the sediments seen in the alluvium on the west side, are predominantly the
McCoy Creek Group. The McCoy Creek Group consists of late Proterozoic metamorphic
rocks, primarily quartzite, but some schist, marble, and phyllite are also present (Miller,
1990).
The playa, which consists of mudflat and salt pan deposits, is the most prominent
feature in the valley. High salinity has inhibited vegetation from growing throughout the
majority of the valley, which has simplified seismic profile acquisition, allowing for
unobstructed, straight profiles. The northern part of the valley has the least vegetation,
where an area approximately 10 km (east to west) by about 16 km is a salt pan where no
vegetation is present. There is very little elevation change across the surface of the playa,
but the very lowest point of the playa lies in the northwest portion of the valley at the
surface contact of the playa with eolian dunes, where surface water last evaporates.
Publication of detailed mapping of surface geology at the locations of Lines 1 and
3 is not available at this time. Limited information on surficial geology for Lines 1 and 3
is shown on U. S. Geological Survey Quadrangle maps on the northern extremes of the
Silver Island Pass and Graham Peak Quadrangles, respectively (eastern side of the valley
and along the Silver Island Range). Line FC-03, which was surveyed with a higher
resolution source (see below), has been superimposed on part of Line 2. Line 3 traverses
the alluvial fan of the northwestern slope of Graham Peak, the geology of which is given
by Miller (unpublished map, D. M. Miller, 2006, written communication) and from field
mapping performed as part of the present study (Figure 5). Line 3 is structurally higher
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than the other profiles. Most of the surface profile is elevated well above the elevation of
the playa and higher in elevation than the other seismic profiles.
The Line 3 profile lies on the east side of the valley on the western slope of the
Silver Island Range. It starts at outcrop of Ordovician Ely Springs Dolomite. This black
dolomite is regionally a cliff former (Miller et al., 1990) (Figure 5). In the area near the
profile of Line 3 there is also some Devonian Guilmette Formation, Devonian Simonson
Dolomite, Devonian-Silurian Lone Mountain Dolomite, and Ordovician Laketown
Dolomite (Miller et al., 1990, Schaeffer and Anderson, 1960, and Hintze, 1988). Cobbles
of Jurassic plutonic igneous rocks are also present, particularly on the ancient beach
terraces in the vicinity of Line 3. They are likely detritus from the regional Crater Island
Quartz Monzonite and porphyritic granodiorite.

Ground Water
Water is intermittently present on the playa, including during peak runoff and
after extensive storm activity (from field observations). The extent of the area covered by
the surface water varies with precipitation rates as well as with temperature and
evaporation rates (Lines, 1979; Miller, 1990). Numerous investigations have been
conducted to enhance the understanding of the behavior of the water in the subsurface at
Pilot Valley. Lines (1978 and 1979), Mason et al. (1995), Peterson (1993), Duffy and AlHassan (1988), Carling (2007) and others have proposed explanations regarding the water
in the basin. Sampling and geochemical analysis of groundwaters (Tingey et al., 2002; A.
L. Mayo, personal communication, 2006) show that the water around the playa margin
has a wedge of higher density water overlying lower density water (Figure 3). The
prevailing explanation for the observed inversion is that the hydraulic head on the
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unconfined alluvial fan aquifer drives fresh water under the brine (Petersen, 1993). What
volume of water cannot be accommodated in the near surface sediments, discharges at the
surface at a break in slope, where beach gravels from the Gilbert stage of Lake
Bonneville lie at the lower elevations of the surface alluvial deposits.
Numerous fresh to saline water springs issue from the base of the steep alluvial
fans at the base of the Pilot Range (Figure 6). This makes the development of a geologic
model of the margins of the valley beneficial to the understanding of the hydrology of the
basin. Even though this groundwater behavior is beyond the resolution of the seismic
images, which provide a deeper view of the subsurface, the overall geometry derived
from the seismic data can be used to indicate a geological context for the salt water
wedge observed from the monitoring wells.

METHODS
Seismic Data Acquisition
The seismic data were acquired as shallow-penetration, high-resolution P-wave
reflection profiles (Table 2). In order to produce images of the playa margin near the
observed hydrological anomaly, the locations of the three surveys were placed where
they orthogonally cross the present-day contact between playa sediments and the
overlying silts, sands, and gravels of the alluvial fan (Figure 7). Three reflection profiles
– Lines FC-03, 1, and 2 – started on alluvial or eolian sediments upslope from the playa
and continued out onto the playa. These lines crossed the playa margin on the Pilot Range
side of the valley, whereas Line 3 was on the Silver Island side and essentially started on
bedrock (Figures 2, 6, 7). Line 1 was located approximately 3.5 km south of Lines FC-03
and 2 (Figure 5). Line 3 effectively spanned the entire alluvial fan compared with only
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partial spanning of surface alluvium for the lines on the west side of the valley (Figure 8).
Two of the surveys, Lines FC-03 and 2 on the west side of the valley, were run near a
linear array of observation wells that cross the playa (Petersen, 1993) and a 100-ft (30.5
m) deep, observation well drilled by the U. S. Geological Survey (USGS) (Mason, 1995)
(Figure 5).
The sound source for Lines 1-3 was a 100-lb (45.4-kg) accelerated elastic weight
dropper mounted on an all-terrain vehicle, using an elastic band for acceleration, and
powered by a 12-volt hydraulic pump (Table 3). The strike plate deployed for use with
the weight dropper was a 40 cm by 40 cm aluminum plate. The source for Line FC-03
was a 10 lb (4.5 kg) sledge hammer manually (human power) striking a 15 cm by 15 cm
aluminum plate. The smaller hammer provided a higher frequency (and thus higher
resolution) source, but the signal does not penetrate as deep. The data from the smaller
source were acquired as part of a preliminary experimental survey and used only half the
number of geophones used for Lines 1-3 (24 vs. 48) giving a nominal fold of cover of 12
on Line FC-03 and 24 on Lines 1-3. For all four reflection surveys, the first sourcereceiver offset, (10 ft (~3.0 m)), was the same as the spacing of the 28-Hz geophone
receivers. The active spread was 48 channels (except for Line FC-03, for which it was 24
channels) and implemented a conventional common depth point (CDP) roll along
acquisition strategy (Sheriff and Geldart, 1995). The total nominal receiver array length
was 480 ft (~146.3 m). Each survey was conducted as an off-the-end spread and the
active channels were always ahead of the source (“pushing the spread”). Further
explanation of the techniques used for acquisition can be found in Sheriff and Geldart
(1995). The initial experimental survey (Line FC-03) was approximately 0.8 km in length
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while the three from 2004 (Lines 1-3) were each about 1.6 km (Table 2). The recording
interval was 1.5 seconds (s) long with a 0.25 millisecond (ms) sample rate.
Table 2. Distance and elevation change for each seismic line
Elevation
Line
Distance (km)
Change (m)
FC-03
0.8
N/A
1
1.6
-15.85
2
1.5
-15.39
3
1.5
-60.81

For all seismic surveys, the seismograph triggering mechanism was a peizometric
hammer switch. When a threshold value of acceleration was reached, the seismograph
began recording data. When the source was the sledge hammer, the hammer switch was
mounted to the hammer. The hammer switch was mounted to the strike plate when the
accelerated weight dropper was used. This device was sporadically problematic as delays
were sometimes introduced, in which cases the data were not used until an accurate shot
record was produced (no delays in the record). Only non-delay shot records were saved
and used in processing.
Table 3. Acquisition Parameters for Seismic Data
Survey
Source Receiver Active Record Recording Nominal
Source(s)
Phones
Type
Offset
Spacing Channels Length Interval
Fold
10 lb (5.5 kg)
12 (Line
sledge hammer
FC-03)
48 (24
(Line FC-03 only)
P-wave
100 lb. (45 kg)
28 Hz 10 ft (3m) 10 ft (3m) for Line
1.5 s
0.25 ms
Reflection elastic accelerated
24
FC-03)
(Lines
1weight drop (Lines
3)
1-3)

The seismic reflection data were recorded on a Geometrics Stratavisor NZ-II™
seismograph. Station locations were surveyed using a Trimble™ GPS receiver. Because
the topographic variation along the profiles was smooth and gradual, elevations for static
corrections were simply interpreted from topographic maps. Environmental noise was
minimal throughout most of the acquisition process due in part to the remote location of
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the study area. All surveys were far from any power lines or active roadways. A
significant source of environmental noise arose from occasional windy conditions;
however, this was not severe enough to cause any prolonged delays in the surveying.
Occasionally fighter jets (F-16’s) flew overhead, also presenting temporary noise.

Processing
The data were processed at Brigham Young University using Landmark Graphics
ProMAX2D™ software. Every shot record was examined to verify that no flaws were in
the record (e.g. no delays or excessive ambient noise). The 3D geometry (horizontal
coordinates and elevation) of each line was assigned to the shot records. Refractions
(headwaves), reflections, and the direct arrival were analyzed from the shot records in
order to obtain a beginning estimate for a velocity function to be used in stacking (Figure
9). A more complete list of the steps used (in sequential order) to process the data can be
found in Table 5. Each of the lines has top mutes applied in order to avoid stacking of
headwaves and direct arrivals. Lines 1 and 2 have a bottom mute applied to remove
surface and air waves, which were very prominent along those profiles.
Table 4. Processing Parameters
Refraction Statics

AGC
(ms)

Filter (Hz)

Line 1

200

Line 2
Line 3

NMO Correction

Mute

Datum (m)

Repl. Vel.

Stretch Mute

Vel. Function

40-80-240-400

Top and Bottom

1310

1000 m/s

100%

Manually Picked

200

70-100-240-300

Top and Bottom

1310

1000 m/s

100%

Manually Picked

200

40-60-240-400

Top

1357

1000 m/s

50%

Manually Picked

All shot records were analyzed individually in order to select first break arrival
times for use in deriving a two-layer shallow velocity model with which to apply static
corrections in the shot and receiver domains (“refraction statics”). Several trials were
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made to determine the best frequency ranges for use with an Ormsby bandpass frequency
filter (Table 4). For the normal move-out (NMO) correction, a velocity function was
manually selected using a spectrum of constant velocity stacks. Some areas of the profiles
(e.g., on Line 2) exhibited a slight velocity inversion beneath the playa sediments likely
caused by the interfingering of the playa and alluvial fan sediments. Seismic migration
was tested on all the profiles, but had minimal impact for the profiles on the western
margin of Pilot Valley due to the low geological dips involved. Trace mixing was
performed after CDP stack in order to enhance coherency by suppressing low apparent
velocity noise. The final processing step before display was time-to-depth conversion
using the root-mean square stacking velocity function, transformed to interval velocity.
Note that all depths and angles reported herein are based on the assumption that the 2D
stacking velocity function, when converted to interval velocity, provides a reasonable
depth estimate. Note also that all depths reported are with respect to the static correction
elevation datum for each profile.
The stacked sections displayed numerous sub-parallel coherent events arriving at
later (e.g., >250 ms) travel times (Figures 10 and 11). Due to the relatively short receiver
spread, the NMO sensitivity was insufficient to distinguish long-period multiple
reflections from primary reflections. In order to examine the likelihood that some or most
of these were long-path multiple reflections, autocorrelations were performed on the
stacked sections, which indicated that arrivals below the unconformity were likely to be
multiple reflections and thus are not interpreted in this study.
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Table 5. Data Processing Procedures
• Individual shot record analysis
• Assign geometry of profiles
• Elevation statics
• Pre-stack deconvolution for wavelet compression
• Filter (Ormsby Bandpass – for specific frequencies used, see Table 4)
• Automatic gain control
• Mutes (top and bottom, manually picked from each shot record)
• Refraction statics (from first break picks)
• Velocity analysis
• NMO correction
• CDP stack
• Trace mixing
• Post stack deconvolution (testing only)
• Post stack migration (testing only on Lines 1, 2, and FC-03)
• Autocorrelation (detection of likely multiples)
• Depth conversion
• Display

RESULTS
The environment for the seismic reflection surveys is acoustically challenging.
The basin is filled with unconsolidated lacustrine and alluvial sediments to depths below
the target of acquisition (to thousands of meters of basin fill) (Berg, 1961). Alluvial
sediments are generally problematic in that they quickly attenuate and otherwise disrupt
the seismic signal, which probably explains the lack of obvious reflectivity below the
unconformity on Lines FC-03, 1, and 2. Bedrock is not clearly seen below any of the
sections on the west side and only variably in about the first 500 m on Line 3.

Lines FC-03 and 2
Line FC-03 was acquired initially in 2003 as part of a BYU class exercise. Line 2
was acquired the following year and duplicated and extended the surface coverage of
Line FC-03, which allowed verification of the original images. Although Line 2 extends
farther to the west, it does not extend as far to the east as Line FC-03. Both lines show the
distinct horizontality of the playa sediments on their most eastern edges. It could be
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argued that if the profiles were continued farther to the east, it would likely be at least a
few kilometers before any change in the seismic images would appear.
Since Line FC-03 and Line 2 partially overlap (Figures 2 and 7), the interpretation
of the two will be covered together. The profiles comprise two segments, with the playa
located beneath the eastern segment and the alluvial fan beneath the west in the direction
of Pilot Peak (a fence line approximately delineates the playa from the eolian and alluvial
surface sediments). Line 2 has been processed to a further degree than Line FC-03, due to
its having twice the number of channels and stronger source (including twice the fold of
cover – see Table 2).
On both Lines FC-03 and 2, a distinct angular unconformity is observed dipping
to the east. Because Line 2 was acquired with greater fold, and acquisition and processing
parameters are more consistent with the Lines 1 and 3, Figure 12 will be used for
explanatory purposes of subsurface features. In Figure 12, the unconformity can be traced
from depth ~37 m at distance 325 m (western edge of profile) angling down-to-the-east to
depth 100 m and distance 1050 m. Below this depth the unconformity is not evident in
the seismic cross-section. The overall apparent dip of the unconformity, based on the
seismic data, is about 5° to the east with minor variation along the trace of the
unconformity. This is relatively congruent with the average dip of the current fans of 6°8°. There are some minor disruptions in the sediments as well. Other features of the
profile that are evident in the stacked section include the distinct sloping alluvial
sediments (below the unconformity) and the nearly flat lacustrine sediments (above and
eastward of the unconformity). The approximate location of the well drilled by the USGS
and used by Mason (1995) and others is near the distance location of 1200 m in Figure
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12. No description of sediments encountered during the drilling (core log) is available.
Total depth of the well was too shallow to allow correlation with seismic-imaged
reflectors. It was hoped that data from that well would provide some constraint on
interpreting the shallowest portion of the seismic profile.
The playa sediments have a very slight westward dip, particularly apparent
between 650-1000 m at depths between 50-70 m. This is likely the result of the downdropping of the basin toward the major, range-bounding fault further to the west. Possible
explanations for the slight change in slope of the unconformity observed in the vicinity of
700 m horizontal distance and below 60 m depth include velocity pull-ups related to a
localized spit, beach, bar, or tufa mound. There may also be a structural feature causing
the sag seen in the unconformity between horizontal distances 300 m and 700 m. Strong
multi-cyclic reflectivity can be seen in the cross-section, particularly in the playa
sediments. Cyclic temporal climatic changes may be responsible for the changing, but
repetitive depositional cycles.

Line 1
The same unconformity observed in Lines FC-03 and 2 can be seen in Line 1
(Figure 10). Although Line 1 is located about 3.5 km south of Truck Springs (location of
Lines FC-03 and 2 – the springs are not officially named as such, but the name has been
applied due to the presence of an old pick-up truck in the springs), and the method for
acquiring the data was the same as for Line 2, processing the data was more difficult in
terms of filtering the data in order to enhance the signal and reduce the noise. The stacked
section shows the same angular unconformity (from distance 575 m and depth 28 m to
1350 m distance and 69 m depth – yellow line on Figure 10), the same sloping alluvial
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sediments (below the unconformity) and flat lacustrine sediments (above the
unconformity) as observed in Line 2. The signal seems to attenuate much shallower in
this line than in Line 2 (comparison of Figures 10 and 12). An autocorrelation was
performed on the stacked data and suggests that arrivals beyond the unconformity are
likely to be mostly multiples and thus are not shown or interpreted.
Along this profile, the alluvial sediments have a gentler slope than those along
Line 2 (average dip along Line 1 is 3° compared with 5° along Line 2). As a result, the
package of lacustrine/playa sediments is substantially thinner. The unconformity can only
be definitively traced to a depth of 70 m along Line 1 compared to 125 m along Line 2.
Playa sediments along the profile of Line 1 also appear in the seismic section to lack
some of the finer scale multi-cyclicity. The alluvial package apparently prograded farther
out into the basin in this area.

Line 3
Although the Silver Island Range does not slope as steeply toward Pilot Valley as
does the Pilot Range, Line 3 changed in elevation more than the other lines. Lines 1 and
2 had elevation change of ~15 m, whereas Line 3 changed more than 60 m, yet all three
are approximately the same distance (Table 2). Line 3 crossed the entire alluvial fan
(from bedrock to playa) over the course of 1.5 km. In contrast, Lines 1, and 2 began more
than one kilometer from (west of) the playa margin and several kilometers from (east of)
outcrop. Due to the closer proximity of Line 3 to bedrock, it was processed somewhat
differently. Furthermore, shot records from the northwest portion of Line 3, where it
extends over the playa (Figure 5), appear to be contaminated by strong guided waves
(Figure 9B), possibly caused by a velocity inversion with the shallow, salt-silt playa
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sediments. For these reasons, and due to the greater topographic relief traversed by this
profile, further testing was applied to Line 3. The processing parameters include: top and
bottom mutes applied before any filtering, frequency-wavenumber filtering (rejection pieslice filter, 1000-3000 m/s; 50-100 Hz), Ormsby bandpass filter (40-60-240-400 Hz),
automatic gain control with a 200-ms window, refraction statics with a datum of 1357 m,
and a replacement velocity of 1000 m/s. A comparison of the travel time and depthconverted sections (Figures 13B and 13C, respectively) shows the effects of using
interval velocities to remove distortion due to lateral and vertical changes in the shallow
sediment-bedrock interface. A shallow sub-horizontal reflection appears at a depth of
about 70 m beneath the southeast end of the profile and continues more or less across the
entire record to the northwest end at a depth of about 110 m.
While Line 3 began nearly on bedrock (near outcrop of Ordovician Ely Springs
Dolomite, Figure 5), the seismic section shows that bedrock was offset near the southeast
end of the line as it extended northwest. This can be observed on the seismic section
(Figure 13) and is illustrated on Figure 5. Distinct, continuous reflectors are sparse in the
southeastern-most part of the line (first approximately 150 m). The seismic line indicates
there are several faults – a major one appears at horizontal distance 610 m, which has
apparent offset of approximately 35 m. Other faults have been interpreted and are
displayed in Figure 13. All the faults observed in the seismic cross-section have a
westward dip.
A rollover anticline is interpreted between 600 m and 800 m. The associated
listric faulting is not entirely evident in the seismic data, beyond the fault labeled A in the
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interpreted section of Figure 13, but may be related to nearby west-northwest oriented
crustal extension during the Jurassic (Miller and Allmendinger, 1991).
Only the last ~350 m of Line 3 (1200 m – 1550 m distance) extended over the
playa. The unconformity that would be expected to be imaged in the seismic data at the
playa-alluvial interface, and which would be similar to the one mentioned in the
interpretation of Lines 1 and 2, is difficult to detect in the seismic cross-section. It
appears to be seen at distance 1250 m, depth 80 m, dipping to the northwest to distance
1525 m, depth 100 m. This indicates a dip angle of 4° along the unconformity. The
scarcity of lacustrine sediments compared to those seen in the profiles on the other side of
the valley (compare Figure 13 to Figure 12, for example) can be partially explained
because the profile did not reach the playa at the surface until the distal (northwest –
distance 1200 m) part of the profile.
The signal throughout much of the profile is dominated by faulted bedrock. A
lack of substantial and abundant reflections is observed below the bedrock surface. The
high velocity of the bedrock, compared to the overlying fan and playa sediments, causes
much of the downward-propagating energy to be reflected and leaves relatively little to
penetrate into the deeper bedrock.
The profile traverses (from southeast to northwest) bedrock at and near the
surface through the first 600 m. Three faults are interpreted at surface distances
(horizontal) of 135 m, 310 m, and 380 m, with offset along each fault in the sub 10 meter
range. The large fault described above is encountered at 600 m with 35 m of offset, which
provides the southeastern boundary of a rollover anticline from 600 m to 860 m, also
described previously. A disconformity can be seen dipping to the northwest from distance
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850 m and depth 120 m, projecting below 1250 m distance and 250 m depth, where the
alluvial package rests atop bedrock. Some minor faults appear in the alluvial package,
projecting down to the northwest from surface distances 1110 m, 1210 m, 1310 m, and
1430 m. Offset is uncertain along the fault at 1110 m, but the other three appear to have
very small offset (<10 m). The unconformity between alluvial and playa sediments can be
seen at surface distance 1225 m, depth 75 m, dipping northwest to the end of the data
(1530 m distance) at a depth of 105 m.

DISCUSSION
In the early 1960’s, regional geophysical surveys were performed in Pilot Valley.
Berg et al. (1961) and Cook et al. (1964) conducted seismic refraction and gravity
surveys, respectively. Berg et al. (1961) modeled the playa with three and four seismic
velocity layers. Near the western seismic profiles conducted for this study, their four
velocity layers were found at 6 m (275 m/s), 20 m (860 m/s), 700 m (1980 m/s), and half
space (5570 m/s). For the most part, his depth of investigation was substantially deeper
than that of the high-resolution seismic data collected in the present study. Cook et al.
(1964) modeled the valley as a symmetric graben, based on a cross-section at the south
end of the valley, containing basin fill (Cenozoic sediments) to a thickness of 5300 feet
(1600 m). While it is likely that the basin is not either a perfect half graben or symmetric
graben (minimal shallow faulting is evident on the east side), it is highly probable that
there is a high degree of asymmetry. Berg et al.’s (1961) refraction survey was very long,
but ran the length of the valley (north-south) so as to leave the issue of east-west
symmetry yet unresolved insofar as prior seismic analysis was able to determine.

19

In order to provide a context for the shallow geophysical profiles in Pilot Valley, I
have obtained the digital data for the COCORP (Consortium for Continental Reflection
Profiling) deep seismic reflection profile Nevada Line 4 (Hauser et al., 1987) in Steptoe
Valley located 150 km to the southwest of the study area (Figure 1). The SEG-Y data
were procured from Cornell University
(http://www.geo.cornell.edu/geology/cocorp/COCORP.html). Steptoe Valley furnishes a
possible analog to the regional structure of Pilot Valley. Steptoe Valley is crossed by the
eastern edge of Nevada Line 4, between common depth points (CDP’s) 380 and 750.
Since Basin and Range structure is repetitive along strike (Stewart, 1980), some
comparisons can be drawn between Steptoe and Pilot Valleys. Although the intent of the
COCORP project was to image the entire crust and the uppermost mantle, the upper part
of the section can be used to show what the structure of Pilot Valley might look like if a
continuous seismic profile were available across its entire width and over the adjacent
ranges.
The original COCORP data were redisplayed as part the present study in order to
reveal more of the shallow tectonic features of Steptoe Valley (Figure 14). With only the
application of a bandpass filter, the image was substantially enhanced for the shallow
crustal features. The original data were acquired with an 8-32 Hz sweep, whereas the
filter applied in redisplaying the data was 7-26-32-34 Hz.
As interpreted by Hauser et al. (1987), a major range bounding fault bounds the
western edge of Steptoe Valley. The associated half-graben extends to the east from
there. An asymmetric graben is made even more apparent in the redisplayed seismic
section. The major range bounding fault is shown on the left (west) side of Figure 14
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(CDP 700 at time 0.3 s dipping down to the East – feature A). Bedding dips are most
pronounced with attitude of dip toward the west. Some other less major, but evident
faults with an orientation similar to the range-bounding fault are also observed (features
labeled B in Figure 14). Some antithetic faults are also seen in the cross-section (features
labeled C).
It is reasonable to extrapolate this interpretation of the COCORP Nevada Line 4
for Steptoe Valley to the overall structure of Pilot Valley for the reasons mentioned
above. Combining observations from COCORP reprocessed data, field observations, and
my seismic data, I therefore suggest that Pilot Valley is also a half-graben with the main,
range-bounding fault on the west side, infilled with sediments that might be expected,
therefore, to dip gently to the west, toward an east-dipping fault (Figure 15). Perhaps the
best evidence for this can be seen at the surface where the alluvial fans are steeper on the
side of the valley with the range bounding fault (west side of valley) and are shallower on
the opposite side (east) of the valley or basin. Topographic maps demonstrate this
phenomenon, as does the cross section of the valley seen in Figure 15. This is also
substantiated by the fact that the lowest elevations in Pilot Valley follow a linear, northsouth trend at the western edge of the playa. This low lying linear topography along the
west side also parallels the line of springs evident in Figure 6.
In Cook et al.’s (1964) gravity survey, a substantial fault was interpreted to exist
on the eastern edge of Pilot Valley, modeling the basin as more of a symmetric graben.
The disruption of seismic data on Line 3 suggests that some minor faulting has displaced
bedrock along the east side of the valley. Minor faulting and displacement of the bedrock
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on the east side is interpreted to be much less significant than the range bounding fault on
the west side (Miller, 1990), substantiating the idea of an asymmetric graben.
The sediments seen in the seismic sections represent basin fill from pluvial lakes
that inundated the region throughout the Pleistocene and likely since the late Pliocene.
The uppermost layers of lacustrine sediment represent deposits from Lake Bonneville
(latest Pleistocene). Correlation to cores taken in the Bonneville Basin (Burmester, Pit of
Death, and Black Rock) and the associated sedimentation rates (5-65 cm/ka derived by
dividing thicknesses between ash layers by their age difference, as discussed above)
imply that the playa is filled with sediment from lakes that flourished throughout much of
the Quaternary (Thompson et al., 1995 and Oviatt et al., 1999). Better constraints could
be placed on the ages of the sediments by coring the Pilot Valley playa and dating the
layers of sediment in a similar manner to that used by Thompson et al. (1995) and Oviatt
et al. (1999) elsewhere in the region.
Prior seismic work was done on the east side of the Silver Island and Crater Island
mountains wherein Cenozoic sediments were also found to be unconformably overlying
Paleozoic rocks (Fitter, 1985). Seismic reflection and refraction studies to the east of
Pilot Valley found basin structure to be complex and generally asymmetric (Forsyth,
1985; Murray, 1984). These studies, however, found the basin to the east of Pilot Valley
to be asymmetric with dip attitude to the east.

CONCLUSION
Nearly six kilometers of shallow, high-resolution seismic reflection data have
been collected at the margins of the Pilot Valley playa. Alluvial environments can be
challenging to production of high quality seismic images. The most prominent features
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seen in the CDP stacks are a distinct angular unconformity on the west side of Pilot
Valley and some faulting of bedrock with moderate displacement on the east side. This
study represents one of the most comprehensive studies of a playa-alluvial fan margin
through the use of shallow, high-resolution seismic reflection profiling.
It is difficult to correlate any of the P-wave reflectors to information in the array
of monitoring wells installed in the valley (Peterson, 1993) due to the shallow depth of
the wells (most are 30 ft (9 m) or less, two are ~65 ft (20 m) and one is 100 ft (30 m)).
However, thick sedimentary fill was found by Berg et al. (1961) on the western side of
the valley (over the playa, but west of the center of the valley). The angular unconformity
observed on the three seismic lines from the west side provides evidence of transgression
of lakes over the alluvial fan including Lake Bonneville and likely older ones (throughout
the late Pliocene and Pleistocene). This transgression, which is most prominent on the
west side, has locally overtaken and buried the progradation of alluvial fan sedimentation.
The structure of the valley is believed to be an asymmetric graben similar to
Steptoe Valley as illustrated by the COCORP Nevada Line 4 (Allmendinger et al., 1987;
Hauser et al., 1987). The COCORP profile shows features in Steptoe Valley that are
analogous to what can be inferred for Pilot Valley, particularly intra-basin faulting and
range bounding faulting. The topography in the basin is consistent with an interpretation
of an asymmetric graben as well. The alluvial fans on the west side are much steeper than
those on the east side. The seismic data show the steep deposition of alluvial sediments
with overlapping nearly horizontal playa sediments on the west side of the valley. Where
Line 3 extends out onto the playa to a similar extent as Lines 1 and 2, bedrock is visible
in the section nearby at depths less than 300 m.
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The water flowing relatively freely through the fan aquifer on the west side of the
valley cannot be accommodated by the mud and silts of the lacustrine deposits, and
consequently discharges where beach gravels from Lake Bonneville provide a subtle
break in slope near the playa–fan margin. The unconformity shown in the seismic cross
sections on the west side of the valley may explain, at least to some degree, the density
inversion of the groundwater. The muds, silts, and salts of the playa have a dramatically
lower permeability than the alluvial sediments, creating a perched aquifer above the
unconformity.
Future work in Pilot Valley would likely prove useful in gaining better detailed
information of the subsurface geology. Seismic horizontally polarized shear wave (SHwave) studies (e.g., Pugin et al., 2004) could help in providing finer detail of the shallow
sediments and the relationship of the shallow groundwater, since the resolution is much
better with SH-wave and water does affect the SH-wave signal as it does in P-wave
surveys. A seismic refraction survey across the valley – east-to-west – would likely be
beneficial for constraining the overall basin geometry. Coring the playa in an area near
one of the seismic lines, particularly toward the middle to eastern part of the profile for
Lines 1 and or 2 would be helpful for tephro-chronostratigraphic work. Dates of ash
layers, combined with these shallow P-wave surveys, as well as combining other future
studies, would provide insights into the development of the playa and basin sediments
since late Pliocene. Ash beds are found with broad distribution patterns (compare Table
1 with associated locations on Figure 4). It is likely that the Bishop Ash layer is present in
Pilot Valley by reason that it is present in the nearby Wendover core used in analyses by
Williams (1994), Gansecki et al. (1994), and others, and is present with a broad
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distribution pattern (see Table 1). Other methods could also be implemented for
establishing absolute ages, such as those employed by others on a broad scale in the Great
Basin (e.g., Benson et al., 1990; Oviatt et al., 1992), yielding more specific sedimentation
rates and sediment structures for Pilot Valley.
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FIGURES
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Figure 1 - Reference map centered over the northeastern Basin and Range Province (western United
States) showing location of the study area and COCORP Nevada Line 4. Other features of note are
the Great Salt Lake Desert and the location of Steptoe Valley.
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Figure 2 - Simplified geology of Pilot Valley
Map showing location of seismic lines, elevation profile and cross-section line. Geology is simply
divided into four units, namely Bedrock, Alluvial, Eolian, and Playa. Simplified map was created by
the author, but was based on digital orthophoto quadrangles (USGS) and maps by Miller (1985,
1990, 1993, and 2006), Miller et al., 1990, Miller et al., 1993, and Miller and Lush, 1994.
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Figure 3 - West-to-east cross-section (location from Figure 2) of total dissolved solids (TDS) levels as
observed in shallow monitoring wells at the playa margin. Each dot represents the location of a data
point as determined by TDS levels at the corresponding depth within observation wells (after Tingey
et al., 2002).
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Figure 4 - The area inundated at the Bonneville level of Lake Bonneville is shown in blue. The
locations of various cores taken from within the basin are noted. Tephro-chronostratigraphy of cores
has provided constraints on sedimentation rates within the basin (after Oviatt et al., 2005; Thompson
et al., 1995). WEN = Wendover; KNL = Knolls; BRM = Burmester; SLT = Saltair; POD = Pit of
Death; BLR = Black Rocks; PSG = Public Shooting Grounds.
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Figure 5 - Digital orthophoto quadrangle (from USGS) of the area of Silver Island where Line 3 was
acquired, with interpretations from field mapping and seismic results overlain on the aerial photo.
Inferred and mapped faults are shown. Also shown are the playa–fan boundary and the distance
along Line 3. Field observations included kinematic indicators consistent with the two general fault
strike orientations shown (NE-SW and NNW-SSE).
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Figure 6 - Spring locations are shown on a digital elevation map (after Carling, 2007). Tail indicates
slope direction below the spring. Locations of seismic lines are shown.
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Figure 7 - Illustrated are the surface geometry of the seismic Lines FC-03, 1, and 2, and the location
of the 100-ft (30-m)USGS well. The three predominant sediment types traversed by the seismic lines
are delineated by dashed lines.
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Figure 8 - Photo of Pilot Valley from the summit of Pilot Peak (elevation 3266 m). View is looking
east over Pilot Valley. Approximate locations and orientations of the seismic lines are shown. Photo
by J. V. South.
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Figure 9A - Shot record was gathered over the alluvial fan sediments near the west side of the line.
Event A is the head wave; B represents surface waves; C is the direct arrival; and D shows
reflections. The filtered record has had an Ormsby bandpass (ramped) filter (60-90-240-400 Hz),
automatic gain control (200ms), and refraction statics (1000 m/s replacement velocity) applied.
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Figure 9B - Two shot records (SIN 412-413; field files 418-419) from the western (down-slope)
portion of Line 3 (with Ormsby filter and automatic gain control) showing persistent low-frequency,
interpreted guided waves and higher-frequency reflections. The former were partially attenuated
using a frequency-wavenumber filter before stack.
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Figure 10 - The angular unconformity (contact between alluvial and lacustrine sediments) is
highlighted by the yellow line. Processing parameters include: bandpass filter 40-80-240-400 Hz;
automatic gain control (AGC) 200 ms; deconvolution 120-20 ms; top and bottom mutes applied;
refraction statics 1310 m, 1000 m/s; normal move-out correction using 2D velocity function; 9-trace
mix; depth conversion using static velocities. See Figure 7 for line location. The upper diagram is
uninterpreted and the lower is shown with an interpretation.
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Figure 11 - The unconformable contact can be seen at CDP 315 and time 120 ms sloping upward to
the west. Some coherent reflectors appear down to 300 ms, but likely represent multiple reflections.
The upper diagram is uninterpreted and the lower is shown with an interpretation.
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Figure 12 - Prominent features include alluvial and playa sediments, and an unconformity. The
surface coverage overlaps partially with Line FC-03. The upper diagram is uninterpreted and the
lower is shown with an interpretation. Processing parameters include: bandpass filter 70-100-240400 Hz; AGC 200 ms; a deconvolution 120-20 ms; top and bottom muting; refraction statics 1310 m,
1000 m/s; NMO using js_vel1; 9-trace mix; depth conversion using static velocities.
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Figure 13A - Prominent features include alluvial and playa sediments, two unconformities, a rollover
anticline, minor faults with moderate displacement, and the top of bedrock (Oes).
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Figure 13B - As above, but with a frequency-wavenumber filter applied pre-stack) and without a
depth conversion.

Figure 13C - As above, but with depth conversion and with a post-stack phase-shift migration (1500
m/s velocity).
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Figure 14 - Data cover a much deeper interval of subsurface compared to Pilot Valley sections
(Figures 10-13). Similarities and prominent features are: range bounding fault (on the west – A),
intra-basin faults (synthetic – red lines-B, antithetic – blue lines-C), and sediments dipping toward
range bounding fault.
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Figure 15 - Actual elevations range from west of Pilot Peak over the summit, down the mountain
front, across the sedimentary basin fill, up the slope of the Silver Island Range over Graham Peak
and to a point slightly east of the Graham Peak summit. Inset map shows locations of seismic lines
and Pilot and Graham Peaks.
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